It is seen that the MPOE receiver offers BER performance comparable to the optimal non-adaptive MMSE detector in steady state, however with much lower computational com plexity and a faster convergence rate compared to other adap tive implementations of the MMSE detector (LMS, RLS).
INTRODUCTION
Code Division Multiple Access (CDMA) is one of the sev eral multiplexing techniques used in wireless communica tions [1] . Oirect Sequence COMA (OS-CDMA) is the most popular COMA technique. The performance of OS-COMA is limited by multiple access interference (MAl) and multi path channel distortion. The conventional OS-COMA match ed filter detector fails to combat these problems. Many ad vanced signal processing techniques have been proposed to enhance the performance of OS-COMA systems, and these techniques fall into two broad categories: mul t iuser de t ec tion [2] [3] and space-time processing [4] . The fonner ex ploits the underlying structure of MAI for interference can cellation, while the latter employs an antenna array at the receiver to optimally combine the different multipath sig nals of users. Combined multiuser detection and space-time processing has also been addressed in recent literature [5] .
Adaptive multiuser detectors are especially attractive be cause they can potentially adapt to unknown and time varying channel parameters. A space-time multiuser detector exploits the signal structure in both the time domain and spatial domain for interference cancellation. An adaptive space-time multiuser detector based on the Minimum Prob ability of Error (MPOE) criterion is proposed here for a multipath asynchronous COMA channel, with multiple re ceive antennas at the base station. The detector offers BER perfonnance comparable to the optimal space-time MMSE detector in steady state, however at much lower computa tional complexity. A blind version of the receiver is also proposed. It is also shown through simulations that the space-time detector outperforms the diversity combining de tector.
SIGNAL MODEL
Consider a DS-COMA channel with K users sharing the same bandwidth. The signaling interval of each User is T seconds, and the input alphabet is antipodal binary: {-I, I}.
Ouring the ith signaling interval, the input vector ll( i) == [b\(i), ... ,b K U ) f, where bkU) denotes the ith input sym bol of the /t h user. User k is assigned a spreading wavefonn sk which is supported on [0, T] and is normalized to 1. The transmission amplitude of the /t h user is denoted by A k' The processing gain N is defined as the number of chips in a sig naling period. The chip period Tc is thus equal to T / N. The baseband signal of the /t h user in the ith bit interval can now be expressed as:
At the receiver, an antenna array of P elements is employed Assuming that each transmitter is equipped with a single an tenna, the baseband signal between the kt h user's transmitter and the base station receiver can be modeled as a single input multiple-output (SIMO) channel with the following impulse response:
where L is the number of paths in each user's channel, g lei and 'riel are respectively the complex gain and delay of the l,h multipath of thej,lh user's signal, and «lei � [aM,I"" ,akl,PV is the array response vector corresponding to the l, h path of the J( h user's signal. The total received signal r(t) at the receiver is then the superposition of the signals from the K users plus the additive ambient noise given by:
where * denotes convolution; �(t) = [n 1 (t), ... ,n p (t)jT is a vector of independent zero-mean complex white Gaussian noise processes, each with unit variance; and (T2 is the vari ance of the ambient noise at each antenna element. 
MPOE BASED ADAPTIVE MULTIUSER DETECTOR

Probability of Error
Using the signal model discussed in Section 2, the cost func tion to be minimized based on the MPOE criterion is de 
where ( . )H denotes the complex conjugate transpose oper ation. The bit decision for the. IIh user is given by: b k = sign (9t (Y k )) where 9t(. ) denotes. the real part. Let the bits 1 and -1 be equiprobable. The probability of error for the II h user is given by: .
Now 9t(z k ) is a Gaussian random variable with mean zero and variance given by E[zll = Ih:!�kIl20'2 = 0'2, where 1I!f.t1l = J-�!f.t. Using zk = Yk -dk, the probability density func tion of the decision variable 9t(Yk) is thus given by:
Let 9t(dk) be denoted by dkll when b k = 1 and by dkl_ 1 when b k = -1. The probability of error defined in (6) can be expressed as:
(8)
where Q(x) denotes the standard Q function.
Adaptive Algorithm (9)
The MPOE adaptive space-time multiuser detector mini mizes the probability of bit error defined in (6) Thus, the derivative of the probability of error P k for the /(h user with respect to the tap weights can be expressed as:
The vector V Pk = �, ... , � represents the gradient
of Pk with respect to the tap weight vector�. The gradient descent algorithm can now be used to adaptively compute the tap weight vector which minimizes the probability of error. The tap weights are adapted as follows:
where J1. is suitably chosen step size parameter. P{N(3KL+23) +2L+2K +26}, which is l inearinN,K,L and P, comparable to LMS. This is in contrast to an RLS based adaptive detector, which has complexity of O(N2 p2) , and the optimal MMSE detector, which has complexity of O(K 3 ). In decision mode, (N + P)K flops are required to demodulate the bits of all users. At the extreme end, the optimal multiuser detector has a complexity of O(2K), i.e., exponential in the number of users.
SIMULATION RESULTS
The simulations assumed seven active users (K = 7) using random spreading sequences with spreading gain N = 15.
The channel was assumed to have three multipaths (L = 3), and the receiver was assumed to consist of a linear antenna array with three elements (P = 3) and half wavelength spac ing, and array response given by:
where j = R; CPkl is the direction of arrival (DOA) of the It" user's signal along the It" path with respect the antenna array. The multipath gains, DOA and propagation delays were randomly generated for all users.
Fig.l depicts the BER performance of the blind MPOE space-time multiuser detector for various levels of Signal to-Interference (SIR) ratio. The curve for the optimal space time MMSE detector is also shown for comparison. Fig.2 depicts the training curves for the space-time MPOE detec tor (training based and blind) and the diversity combining MPOE detector (blind). For comparison, training curves for LMS and RLS based adaptive detectors are depicted in Fig .3 . The space-time MPOE algorithm converges in only 15 iterations, significantly faster than RLS (SO iterations) and LMS (300 iterations). 
S. CONCLUSIONS
.An adaptive space-time multiuser detector for asynchronous multipath DS-CDMA channels with multiple receive anten nas is proposed in this paper. The receiver structure is de rived for gradient based adaptation and the computational complexity is computed in terms of flops. The detector is shown to have a BER performance close to the optimal space-time MMSE detector, at computational complexity comparable to LMS and convergence rate significantly faster thanRLS.
